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Executive summary
This plan presents QGC's Stage 2 CSG Water Monitoring and Management Plan (Stage 2 WMMP) in fulfilment
of Conditions 49 to 52 under EPBC approval 2008/4398 and builds on QGC's Stage 1 CSG Water Monitoring and
Management Plan, as submitted by QGC on 21 April 2011 and updated in October 2011.
This Stage 2 WMMP covers the first stage of major gas field development and QGC will prepare and submit
the Stage 3 WMMP in July 2013. The Stage 2 WMMP provides a complete overview of QGC's planned water
infrastructure, surface and groundwater monitoring programs and data gathering, analysis and interpretation.
Work programs to address referral Conditions 61, 62, 63, 64, 65, 68 and 69 are provided for completeness only.
QGC has developed an integrated groundwater management approach built on internal and external expertise
to protect Matters of National Environmental Significance (MNES) and the groundwaters of the Murray-Darling
Basin and Great Artesian Basin (GAB).
This groundwater management approach is built on a multi-faceted strategy of:
• Developing robust water management tools
• Establishing a comprehensive monitoring network
• Determination of early warning thresholds and 'make good' response actions
• Quantifying and managing potential risks and developing response strategies
• Implementation of responsible CSG water management and beneficial use options.
QGC has commenced its groundwater management activities and the key achievements of the Stage 1 WMMP
are outlined in Table ES1.
The Stage 2 WMMP provides a balanced overview of current knowledge and insights, and a firm commitment
towards an extensive program.

Success
depends on
integrity,
responsible
environmental
stewardship
and the
development
of positive
and enduring
relationships.
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Key Achievements of the Stage 1 WMMP
Groundwater
•
•
•
•
•
•
•

•
•
•
•
•
•

Establishment of Stage 1 monitoring bore network (Gubberamunda and Springbok Formations) across QGC's leases including
test pumping and groundwater chemistry analysis
Commencement of Stage 2 monitoring bore network (Gubberamunda to Precipice Formations)
Establishment of additional Vibrating Wire Piezometer (VWP) monitoring points
Commencement of automatic groundwater level data measurement in monitoring bores
Completion of study on groundwater level trend analysis
Development of detailed groundwater system balances across QGC leases
Commencement of GEN3 dual-phase groundwater model build including:
• Development of detailed Surat Basin geological model
• Completion of detailed study of Springbok Formation stratigraphy
• Development of detailed Surat Basin hydrogeological model (in progress)
Development of groundwater and surface water response plans
Advanced planning of trial re-injection bore in Northern Gas Fields
Initiation of connectivity studies and advanced planning of long-term pumping trials
Development of integrated CSG industry approach to EPBC listed springs early warning and threshold drawdown regional
groundwater monitoring strategy
Development of conceptual spring hydrogeological models
Commencement of subsidence monitoring program and interpretation of initial data (in progress).

Hydraulic Fracturing
•

Stimulation program water quality analysis and risk assessment

Water Management and Receiving Environment Monitoring
•
•
•
•
•
•
•

Commissioning and operation of Windibri 6 ML/d Water Treatment Plant
Construction of Kenya 12 ML/d relocatable WTP. Commissioning (in progress).
Construction of Kenya 80 ML/d WTP (in progress)
Construction of Kenya to Chinchilla pipeline (completed)
Central Gas Fields two-year baseline surface water quality monitoring program completed. Data analysis in progress.
Detailed design of Woleebee Creek 100 ML/d WTP (in progress)
Development of base case Northern Gas Fields water management scheme.

Brine Management
•
•
•

Development of base case brine management scheme
$20 million alliance with APLNG for four pilot salt recovery trials. Pilot programs have been completed and the evaluation is
ongoing
Stage 2 collaboration to determine commercial and technical feasibility.

Table ES1 – Key achievements of the Stage 1 WMMP

The Stage 2 WMMP is based on sound scientific information that:
• Highlights those tasks completed and started since project approval (October 2010)
• Summarises key findings from data collected and interpreted to date
• Sets out a series of commitments and a schedule of tasks, delivery mechanisms and target completion dates
(i.e. a plan) for SEWPAC to assess compliance against relevant approval conditions.
Where the Queensland Water Commission's (QWC) Underground Water Impact Report (UWIR) and springs
management reports provide new insights into technical approaches, then these will be included in any
future WMMP amendments and other associated reporting. The following paragraphs describe the activities,
commitment and deliverables for each Stage 2 WMMP condition.
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49(a) – Groundwater drawdown limits for each targeted aquifer
QGC has defined groundwater drawdown limits for Trigger Monitoring Bores in the primary source aquifers
(Hutton and Precipice Sandstones) for EPBC listed Springs in the Surat Basin based on its GEN2 modelling and
QGC's understanding of the geology and the findings of QWC's UWIR and regional modelling. These drawdown
limits are preceeded by Early Warning Trigger and Exceedance Threshold Values in both Early Warning Monitoring
Bores which will initiate review and potentially response actions.
The QWC Draft UWIR has identified the primary source aquifers for the three spring complexes assigned to QGC
to survey. These are Precipice Sandstone (Cockatoo Creek Springs) and Hutton Sandstone for Dawson River 8 and
Scotts Creek Springs. Possible secondary source aquifers (Evergreen Formation and Birkhead Formation) have also
been postulated. In the case of possible sandstones in the Evergreen Formation (e.g. the Boxvale Sandstone) it is
considered that monitoring of the Hutton Sandstone will provide adequate early warning of any possible effect
on the Evergreen Formation.
Precipice and Hutton aquifers
QGC proposes to assign specific Drawdown Limits to its specific Trigger Monitoring Bores, and to assign specific
Early Warning Trigger and Exceedance Thresholds for both Trigger and Early Warning Monitoring Installations.
This is outlined in Table 21.
The relevant groundwater baseline per aquifer will be determined as a weighted mean value over a
representative period (minimum of 12 months) and excluding natural and anthropogenic fluctuations. This
approach would eliminate noise and allows for incorporation of existing trends. The weighting method to be
used to measure the mean drawdown of the Hutton and Precipice Sandstones will be defined in the April 2013
trend analysis report (see Commitment 5 in Table ES3). This report will also propose a groundwater quality trend
analysis method.
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Figure ES1 – Proposed Early Warning Monitoring Bore Scheme

Trigger 3: Drawdown limit
– breach of Condition
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Walloon Coal Measures (WCM)
QGC has Petroleum Licenses in place and pending for all tenements within the approved QCLNG project area.
These licenses and associated state approvals allow QGC to extract gas and groundwater for domestic gas
production whilst additional state and federal approvals also allow the production and exporting of liquefied
natural gas derived from coal seam gas from the Walloon Coal Measures.
The WCM constitutes the hydrocarbon reservoir for coal seam gas production. In order to extract the coal seam
gas, the pressure in the coal seams needs to be reduced to release the gas. QGC has indicated the drawdown
prediction for the WCM in its Environmental Impact Statement as a head reduction to approximately 70 m above
the top of the lowest producing layer in the WCM strata (refer Appendix 3.4 Groundwater Assessment).
In line with Condition 47, QGC submitted modelled groundwater contour data for the various Surat Basin aquifers
(Stage 1 WMMP, Appendix B) which showed the expected drawdowns in the WCM to produce Coal Seam Gas
(CSG).
QGC has defined groundwater drawdown limits for primary source aquifers (as defined in the QWC UWIR) for
EPBC listed springs (Hutton and Precipice Sandstones). In line with Condition 48 and the fact that the WCM is not
a primary source aquifer, QGC believes it is contrary to the EPBC 2008/4398 approval to set a drawdown limit or
threshold for the WCM to trigger response action for the protection of the EPBC listed springs.
The Walloon Coal Measures have not been identified by QWC as a primary connected source aquifer for
EPBC listed springs which lie outside the approved QCLNG project area (UWIR Report, Table H-2). Accordingly,
QGC does not propose to have a drawdown limit for the Walloon Coal Measures.
However, in line with Geoscience Australia's recommendation, QGC will define Early Warning Trigger Values for
dedicated VWP in the Walloon Coal Measures for model validation (see Figure 23) in the Northern Gas Fields.
These VWP monitoring bores combined with the on tenement nested monitoring bores will provide accurate
data to monitor the actual drawdown propagation and calibrate (regional) modelling.
It is important to note that the regional scale horizontal hydraulic conductivity of the WCM is (very) low, because
the coal seams are lenticular and not laterally extensive. Hence broad scale lateral transmission of pressure
reduction via the WCM is not a credible scientific mechanism. The monitoring network in the overlying and
underlying primary source aquifers is designed to identify any regional pressure declines. Hence setting a
drawdown limit for the WCM for spring protection is not appropriate, nor necessary.
If however in future the Walloon Coal Measures or its equivalents are identified as potential connected primary
source aquifers to EPBC springs, QGC commits to review the approach to WCM drawdown limits and will review
how a locally applicable drawdown limit can be defined for the relevant EPBC spring(s). This local approach will
be duly modelled and monitored.
QGC however will conform with the Queensland Water Act groundwater drawdown threshold of 5 m for
consolidated aquifers to the WCM. Predicted exceedances of this threshold value in consolidated aquifers by the
Regional Groundwater Model triggers 'make good' obligations between CSG proponents and potentially affected
landholders.
Springbok, Gubberamunda and Mooga aquifers
QGC proposes to apply the Queensland Water Act water drawdown thresholds for consolidated aquifers
(5 m). The rationale for this is that these shallow aquifers all outcrop well before the EPBC listed springs
(refer Figure ES2).
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49(b) – a program and schedule for aquifer connectivity studies and monitoring of
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The literature review results are summarised in Figure ES3.
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Figure ES3 – Vertical hydraulic conductivities in sedimentary basins – linking literature review results with Walloons Formation Kv values

Figure ES3 shows that the median KV (used in QGC's GEN2 model) appears to be a reasonable estimate based on
this literature review. The upper bound of the KV range used in the GEN2 groundwater model (5 x 10-6 m/day) may
be too low if the aquitard is fractured or contains poorly constructed bores and the lower value of the range (5 x
10-7 m/day) can be regarded as appropriate. The literature review (Appendix M) highlights the significant effect
which inadequately constructed and maintained bores can have on Kv. This process is emphasized in Figure ES2
where the significant effect of only a single open well at 10 km spacing is demonstrated. QGC commits to assess
the effects of infrastructure, in particular, leaking bores and wells and their effect on leakage and to use the GEN3
model (Commitment 6 in Table ES3) to assess impacts and to report the findings in October 2013 (Commitment 8
in Table ES3). Also, QGC will use all available field data to derive representative K values for use in its GEN3 model.
Other conclusions on aquifer connectivity to date are:
• Gubberamunda and Springbok groundwater level monitoring indicates in general an existing upward
hydraulic gradient. This suggests a potential for vertical connection in the Central Gas Fields, but also
highlights the need to adequately define current aquifer baselines because the starting point may not be a
system in equilibrium.
• Test pumping results and the Springbok characterisation study suggest the Springbok is a poor aquifer in
general, and an aquitard over much of its thickness
• Faults of widely varying size and throw are widespread across the QGC tenements and in general, can be
inferred to act as barriers to groundwater flow and pressure change.
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Modelled estimates of leakage from the Springbok Formation and Hutton Sandstone are estimated to be in
the order of 1.6 ML/d (average 33,000 ML over the life of the QCLNG project (QGC Stage 1 WMMP Appendix C
Groundwater Impact Report Golder Associates page 39)). Note the total leakage from the Springbok Formation
and Hutton Sandstone shown in the water balances for Year 2024 is in the order of 1.8 ML/d (Figures ES14, ES15
and ES16).
Long-term program
QGC has a comprehensive long-term program of investigation, monitoring and analysis to understand the
impact of CSG extraction from the WCM on groundwater pressures in adjacent formations. This program
comprises many aspects: from laboratory testing of core, to large scale field tests involving extensive monitoring,
to detailed chemistry and hydraulic analysis.
A key aspect of this program is the integration of a diverse range of geological, hydrochemistry, reservoir
engineering and hydrogeological data to produce a consistent hydrogeological conceptual model.
The evolving knowledge will be used in hydrogeological conceptualisation and QGC's GEN3 modelling.
QGC has designed this work specifically to enable an early identification of any unexpected impacts, allowing
QGC to respond appropriately.
Regular reporting of progress and results will enable SEWPAC to be kept well-informed as new data and
conclusions emerge. QGC commits to coordinate its monitoring network with QWC and will make groundwater
data available online.

49(c) – a program and schedule for field piloting of aquifer re-injection of treated
CSG water and other groundwater repressurisation techniques
Based on GEN2 modelling predictions, QGC does not expect CSG production from QCLNG to impact any EPBC
springs. QGC is developing a program for field piloting of aquifer re-injection of treated CSG water and other
groundwater repressurisation techniques.
QGC's approach to assessment of re-injection and groundwater repressurisation is focused on investigating and
trialing cost-effective technologies to maintain groundwater pressures in formations that support EPBC springs.
Accordingly, QGC's strategy consists of:
• Field investigations of Hutton and Precipice Sandstones in the Northern Gas Fields for re-injection potential
• No consideration of repressurisation of shallow aquifers such as Mooga or Gubberamunda Sandstones
because these formations are either not present near, or do not support, EPBC listed springs
• No consideration of re-injection to deep aquifers in the Central and Southern Gas Fields due to distance to
the nearest EPBC springs. Re-injection in the Northern Gas Fields may be a more effective approach given
proximity to the subject springs. However, QGC is planning coring studies of the Hutton and Precipice
Formations in the Central and Southern Gas Fields to increase knowledge of aquifer characteristics in its
tenements.
• Coal seam re-injection is not considered a viable option for the reasons described in Section 11.3.
The current re-injection plan for the Northern Gas Fields has three main stages:
• Stage 1 – Monitoring bore Woleebee Creek GW4 data acquisition
• Stage 2 – Construction of trial injection bore and adjacent monitoring bore
• Stage 3 – Long-term injection (full-scale).
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QGC has revisited its Stage 1 WMMP reinjection approach and adopted a three-stage approach. This, in
combination with limited availability of suitable rigs, has delayed the original program.
The re-injection timeline is outlined in Figure ES4 which shows the staged approach to enhance success of the
overall program.

Stage 2

Stage 1

Stage 3

2012
Jul

Aug

Sep

2013

Oct

Nov

Dec

Jan

Feb

Mar

Apr

May

Jun

July

Aug

Sep

Oct

Nov

Dec

Review

Review

Phase 1

Phase 2

IMP-Feasibility
WCK GW4 Precipice Production Trial

Injection Trial Preparation

Infrastructure and Facilities for
Injection Trial

Injection Trial

Injection
Well

IMP-Trial

1

3

2

4

5

QGC feasibility studies

1

WCK GW4 complete

6

Production Trial

2

WCK GW10 complete

7

Injection well complete

Injection Trial

3

EA amendment submitted

8

Approval to inject

4

EA condition amended

9

Start injection trial

5

Lodge Injection Trial 1 Management Plan (IMP1)

6

7

8

9

Groundwater extraction trial complete

Figure ES4 – Aquifer injection feasibility plan

49(d) – early warning indicators where drawdown thresholds are being Approached
The three major CSG operators in the southern Bowen and Surat Basins (Santos, APLNG and QGC) have taken a
collaborative approach to a 'small footprint' monitoring scheme to address the risk of groundwater drawdown
propagating from CSG production and potentially affecting EPBC listed springs. The full proposal is included as
Appendix Q. QGC will document and formalise this proposal with SEWPAC.
For each spring cluster, groundwater levels will be monitored at two locations:
• Early warning monitoring installations at or near tenure boundaries
• Threshold monitoring installations nominally 20 km from tenure boundaries
• Hutton and Precipice Sandstone Formations will be monitored.
This early warning Groundwater Monitoring Program for EPBC springs is set out in Figure ES5.
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The industry approach incorporates UWIR findings:
• A clear allocation of spring accountabilities (elimination of duplication)
• A wider integrated spring bore monitoring approach covering all listed and EPBC springs
• An overall reduced footprint.
Early warning thresholds will trigger investigation when a drawdown trend has been established.
QGC commits to provide an update for the drawdown propagation at the early warning monitoring sites
(including Walloon Coal Measures) in collaboration with QWC.
This investigation will recommend further steps, potentially including responses needed to prevent negative
impacts on EPBC listed springs if these impacts result from CSG water extraction. The response plan, which
includes triggers and resulting management actions, is discussed in Section 12.6.4. This incorporates the common
industry approach to monitoring, setting triggers and the activation of a broad range of actions if required. These
all ultimately lead, if necessary, to mitigation measures, which may include virtual aquifer recharge and managed
aquifer recharge.
QGC has started its Stage 2 groundwater monitoring bore program, which is described in more detail in
Section 5.0. This program will define groundwater baselines in respective aquifers, identify existing (pre-CSG)
trends and allow ongoing calibration of QWC's groundwater modelling.
QGC's bore baseline assessment will assist in this process. QGC has completed assessments of 168 bores on
115 properties with 140 bore assessments across 105 properties in progress.
This represents 62% completion of the total estimated number of bores. Program completion is expected by late
2012.

49(e) – The estimated number and the spatial distribution of boreholes where
hydraulic fracturing may be necessary, an annual review of the estimate, and
recording of actual use
QGC provides details of its well stimulation program, covering completed activities and wells listed for possible
hydraulic well stimulations in the year ahead.
In calendar 2011, only two wells were stimulated. In 2012 QGC stimulated four wells, with another 18 planned for
the remainder of 2012 and 2013.
An indicative stimulation program for 2014/2015 could consist of up to 50 wells per year.
QGC will provide an annual review of completed well stimulation activities and estimated activities for the year
ahead by October each year.
Each hydraulic stimulation is done in accordance with conditions set by Queensland's Coordinator General and
under relevant environmental authorities (EA) approved by the Queensland Department of Environment and
Resource Management (DEHP) or its successor agencies.
Each EA sets conditions for the stimulation and the monitoring program (including its schedule and data to be
collected).
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Reporting requirements under EAs include:
Timing relative to stimulation activities

Report required

10 days before stimulation

Notice of Intent

10 days after stimulation

Notice of Completion

Within 2 months of stimulation completion

Hydraulic Stimulation Report

Table ES2 – Timing relative to stimulation activities

QGC commits to providing on an annual basis (in October each year) estimates of planned stimulations and a
summary of activities in the previous year.
The annual report will include:
• Details of wells stimulated in the previous year and proposed for the current year
• Location plans
• Update of indicative estimates of stimulations for future years
• Tabulated summary of completed stimulation risk assessments, and submitted Queensland statuatory
reports (e.g. Notices of Completion, Hydraulic Completion Report (refer to details outlined below))
• Toxicological and ecotoxicological profiles of any new chemicals proposed to be used
• Exception reporting.
This report will form part of QGC's annual reporting obligations to SEWPAC and will be published on QGC's
website at the same time it is provided to SEWPAC in October each year.

49(f) – Details of constituent components of hydraulic fracturing agents and
other reinjected fluid(s), and their toxicity as individual substances and as total
effluent toxicity and ecotoxicity, based on methods outlined in the National Quality
Management Strategy
QGC is doing extensive work on the toxicity and ecotoxicity of individual fracturing agents (refer Appendices W.2 W.7). QGC publishes on its website the current chemicals used in well stimulations:
http://www.qgc.com.au/environment/environmental-operations/chemicals-used-in-hydraulic-fracturing.aspx
QGC updates this list if new chemicals are added for particular well stimulations.
For the avoidance of doubt, QGC will do a risk assessment for any additional chemicals being considered for
stimulation for the QCLNG Project in the Surat Basin, and will use only those chemicals shown to have an
acceptably low risk.
This risk assessment will include a full chemical breakdown of the products to be used.
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QGC has evaluated total effluent toxicity and ecotoxicity testing through a risk analysis and evaluation of
pathways to potential MNES receptors, and concluded:
• Due to the depth of stimulation activities in the WCM, limited coal thickness and extent, the estimated
fracture height (0 m to 40 m) and estimated average lateral fracture distribution (about 100 m) and the
stimulation fluid water quality, the risk of contamination of other formations and of surface waters is
negligible
• Ecotoxicological testing is often done when process wastewaters are required to be released to receiving
environments (e.g. sewage treatment plants and power station cooling water blowdown). No untreated
water from QGC's stimulation activities will be released to surface waters.
• QGC has done a comparative assessment of post-stimulation flowback water quality, WCM groundwater
quality and various water quality criteria (refer Section 13.2). The assessment shows that flowback water
quality is very similar to groundwater produced from the WCM. In other words, the quantities of chemicals
added to raw stimulation water has had little to no influence on the composition of flowback water quality
and hence the total toxicity of stored flowback water is very similar to 'regular' CSG water.
In QGC's assessment, total effluent toxicity from flowback water from hydraulic well stimulations is very similar
to regular coal seam groundwater, which existing users access for stock and domestic purposes and for which
water licenses have been issued.
QGC's robust water gathering, handling and treatment approach can adequately transport and treat the
flowback water without providing an uncontrolled pathway to an MNES receptor.
QGC is collaborating with other proponents on an industry-level total effluent toxicity test program to confirm
this assessment.
QGC commits to undertaking a total effluent toxicity and ecotoxicity testing program to assess the comparative
hazard of pre-stimulation coal seam groundwater and flowback waters. The aim is to undertake this work as a
collaborative effort with other CSG proponents. QGC commits to report the results by December 2013.

49(g)(i) – identification of the surface and aquatic systems to be monitored and their
environmental values, water quality, and environmental characteristics, and the
rationale for selection
QGC pursues beneficial re-use for its treated water through two schemes:
• The Chinchilla Beneficial Use Scheme
• The Dawson Valley Beneficial Use Scheme.
QGC has provided an overview of the regulatory framework in Figure 43 to ensure compliance with the various
Federal and Queensland Government approvals. The temporary Wieambilla Creek outlet will no longer be
pursued.
SunWater will develop a Resource Management Plan (RMP) and a Recycled Water Management Plan (RWMP)
for monitoring existing and proposed water treatment and management for both the Chinchilla Beneficial Use
Scheme and Dawson Valley Beneficial Use Scheme.
These documents describe monitoring and management obligations to comply with environmental authorities
and Queensland's Environmental Protection (Water) Policy and beneficial use authorities. All QCLNG water
will be transfered to the two SunWater pipelines. Some QCLNG water however may be retained for aquifer
repressurisation trials and repressurisation.
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49(g)(ii) – the number and locations of monitoring sites upstream and downstream
of proposed discharge of CSG water, including test and reference sites upstream and
downstream and before and after any proposed impacts
QGC has developed the Surface Water Quality Monitoring Sites program for both:
• The Chinchilla Beneficial Use Scheme (refer Section 14.7.1) in conjunction with SunWater
• The Dawson Valley Beneficial Use Scheme (refer Section 14.10.3).
In line with Condition 60(a) these programs will be implemented by SunWater. The QCLNG Project will not use
other CSG water discharge points apart from Chinchilla and Glebe Weirs.
As indicated before, SunWater lodged a Beneficial Use Application (BUA) for the Dawson Valley Beneficial Use
Scheme to DEHP in August 2012. SunWater expects similar Beneficial Use Approval conditions to those of the
Chinchilla Beneficial Use Scheme (refer Appendix AA).
SunWater will ensure the monitoring program for the Dawson River meets the BUA and SEWPAC conditions.

49(g)(iii) – the frequency of the monitoring and the rationale for the frequency
The frequency of monitoring will be in accordance with the requirements of BUA conditions and administered by
SunWater.

49(g)(iv) – baseline data for each monitoring site for comparison of monitoring
results over the life of the project
Baseline data collection for the Condamine River for the Chinchilla Beneficial Use Scheme has been completed.
On this basis, DEHP defined water parameters for SunWater's Beneficial Use Authority for treated water release.
Historical background data for the Glebe Weir for the Dawson Valley Beneficial Use Scheme has been provided
(refer Section14.10.1) and this formed the basis for SunWater's EPBC referral 2011/6181 and BUA lodgement with
DEHP in August 2012.
SunWater is currently evaluating the draft conditions.

49(g)(v) – the approach taken to analyse the results including the methods to
determine trends to indicate potential impacts
QGC's approach is to prevent impacts on receiving environments by treating its water to closely match existing
water quality.
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49(g)(vi) – threshold values that protect relevant MNES (such as reporting or
control line values for additional investigation, more intensive management
action, make good, and cease operations) at which management actions will be
initiated to respond to escalating levels of risk and designed to protect water
quality and the associated environmental values of surface and aquatic systems
QGC's primary focus of the Stage 2 WMMP is to protect MNES and to ensure integrity of the GAB. To do this, it has
developed a comprehensive plan:
• The relevant MNES are the EPBC springs, for which QGC has defined tailored drawdown thresholds with an
early warning and industry aligned approach (refer Section 12.6.5)
• QGC has developed a response approach, and is pursuing re-injection research to potentially provide pressure
support in aquifers connected to these EPBC springs.
The protection of water quality and the associated environmental values of surface and aquatic systems are
addressed through:
• EPBC referral for the Chinchilla and Dawson Valley Beneficial Use Schemes
• BUA applications for the above schemes
• Development of a threshold exceedance response plan and emergency discharge water management plans.
The removal of the Wieambilla Creek outlet means that all outlets have been fully assessed for potential impacts.
QGC and/or SunWater will implement the conditions.
Regional gas field water storage ponds are sited above the one-in-100-year flood level, although due to regional
topographical influences in some areas (e.g. the Condamine Valley), this is not always possible where required.
QGC's ponds are inspected annually by independent inspectors and are subject to routine repair and monitoring
programs.
The permanent regional ponds are larger than 20 ML and are therefore defined under state regulation as having a
significant or high hazard rating.

49(g)(vii) – Water treatment and amendment methods and standards
QGC is constructing 192 ML/d of Reverse Osmosis water treatment plant capacity to recover about 97% of
produced CSG water for beneficial re-use. The flexible treatment process can accommodate a wide range of input
CSG water qualities through various pre-treatment and filtration stages. The output water quality has been set
by regulatory targets for each plant or re-use scheme and will be rigorously monitored.
The water treatment plants are constructed in line with Australian and BG Group standards. The combination
of adequate inlet and output storage will enable a constant water production, and a high-quality water supply
for beneficial use. In case of water quality issues, produced water can be recirculated for further treatment and
temporarily stored in existing ponds, which will enable the phasing out of evaporation ponds. The plants will
be progressively commissioned over 2013 to 2014. QGC commits to operating its Kenya and Northern Treatment
Plants to produce water quality that is suitable for discharge to the Kenya to Chinchilla Pipeline and Woleebee
Creek to Glebe Weir Pipeline respectively in line with SunWater’s respective BUAs.
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49(g)(viii) – Water storage locations and volumes including any storage and volumes
required to pilot or implement re-injection or other groundwater repressurisation
techniques
Information on QGC's existing and planned water storages (volume and location) are presented in tables and
plans in Section 14.6.
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Figure ES6 – Water infrastructure assets

QGC sites its ponds subject to Queensland Government requirements. Ponds are sited in locations that are
designed with protective works where necessary to minimise the impact of extreme flood events. QGC will site
its new ponds above one-in-100 year flood levels; the only exception is the regional pond Broadwater which
is located on the Condomine Valley flood plain. QGC did not have any emergency discharges during the 2011
Queensland floods.
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49(g)(ix) – water use or disposal options and methods (whether for beneficial use or
not) including frequency, volumes, quality and environmental values documented
for each receiving environment
QGC pursues the beneficial use of treated CSG water to manage its produced water. QGC's anticipated water
production is 49.6 ML/d on average over 2014 to 2043 from all gas field areas. The total volume of water
production extended over the life of the Project to (2014 to 2043) is estimated to be approximately 543 GL.

Total QCLNG and non-QCLNG water production

Water production (ML/d)

200
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Figure ES7 – QCLNG Project water production from Northern, Central and Southern Gas Fields.

For the Central and Southern Gas Fields, treated water will be made available for beneficial re-use through the
Chinchilla Beneficial Use Scheme.
For the Northern Gas Fields, treated water is proposed to be made available for beneficial re-use through the
Dawson Valley Beneficial Use Scheme. QGC recognises that approval of this controlled action is a prerequisite for
the Ministerial approval of this Stage 2 WMMP.
QGC's total water infrastructure is presented in Figures ES6 and ES13. Figure ES13 shows beneficial use of raw
and treated CSG water and includes some legacy water supply to industry and from non-QCLNG domestic gas
production in the Central Gas Fields (which will not be released to an open waterway).
Both options provide high-quality water to irrigators, industry and municipalities in collaboration with SunWater.
Through state-of-the-art water treatment plants, QGC will make about 97% of produced water available for
beneficial re-use. Discharge water quality will be defined in line with the respective Beneficial Use Authority
(BUA).
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49(g)(x) – brine storage locations and volumes, and brine crystal waste management
QGC's baseline case for brine crystallised salt management is to build a Regulated Waste Facility (RWF) for the
storage of crystallised salt for the total project near the Kenya Water Treatment Plant at Chinchilla – an overview
is presented in Figure 73. The RWF monocell design is based on the 'dry tomb' concept where the objective is to
fully contain the solid salt in a dedicated facility. Brine from the Northern WTP will be transported by pipeline to
the central RWF mechanical crystallisers.
QGC aims to produce a constant amount of crystallised salt from the mechanical crystallisers to the RWF (refer
Figure ES7) by balancing brine production with temporary dedicated storage of brine at the water treatment
plants. Detailed updates on brine production and storages are provided in Section 15.0. The following alternatives
– in line with DEHP's waste hierarchy – have been considered:
• Selective Salt Recovery (SSR) concept – QGC is actively piloting this concept to separate the various salts to
industrial grade purity salts to enable commercialisation. The objective of the pilots is to demonstrate the
technical and commercial feasibility. The pilots have been completed, indicating promising technical results.
The next phase is to prove commercial feasibility.
• Ocean Outfall – QGC does not consider this approach viable, given the proximity of a World Heritage Site
(Great Barrier Reef)
• Re-injection of brine into a natural underground structure – QGC does not consider this approach viable, as it
has not yet been able to identify an underground structure which is:
• Large enough
• Does not contain groundwater
• Geologically isolated from aquifers. The geology on QGC tenements indicates the presence of such
structures is extremely unlikely.
The proposed RWF timeline is presented in Section 15.2.3. This approach, combined with existed storage facilities
shows that QGC has appropriate infrastructure capacity for the anticipated brine volumes in the early years.
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49(g)(xi) – emergency water discharges, their volumes and quality
Emergency water discharges could involve release of either raw or treated CSG water from ruptured pipelines
or spills from ponds due to spillway discharges in extreme weather conditions, pond wall breaches or failure of
leachate collection systems.
In normal operating practices, QGC aims to prevent any emergency water discharge and has taken the following
water management control measures:
• Design for adequate infrastructure capacity
• Conservative engineering design of water, brine and chemical storages, in particular, storm water
management metering and control systems
• Application of bundwalls where appropriate (e.g. WTP)
• Intensive monitoring and management of water flows and quality
• Operation and emergency response plans and procedures
• Short chain-of-command and reporting lines to senior management.
During the 2011 Queensland floods, QGC did not make any emergency discharges. QGC intends to make no
emergency discharge other than through approved outlets. In addition, QGC's water treatment plants have the
capacity to recirculate water or reduce output to ensure water quality.

49(g)(xii) and 52(c)(vii) – reference to standards and relevant policies and guidelines
QGC has provided a summary of the standards and relevant policies (refer Section 14.12).

49(h) – mechanisms to avoid, minimise and manage risk of adverse impacts and
response actions and timeframes that can be taken by the proponent
QGC has a comprehensive approach to avoid, minimise and manage the risk of any adverse impacts through
its operating protocols, SunWater's Recycled Water Management Plan (RWMP) and its site-based emergency
management system. Only in-specification water will be discharged.
The hierarchy of plans starts with a clear metering and monitoring philosophy to know at any given point the
quality, volume and fate of water, including leak detection.
Mitigation includes:
• Diversion, reduction or prevention of the release of water to the receiving environment
• Notification of the relevant stakeholders and regulators
• Identification, review and remedying of processes and procedures
• Updating of management plans where appropriate.
QGC's approach to managing unforeseen emergency discharges at its two treatment plants and all regulated
storages are outlined in the Kenya Site Emergency Response Procedure (refer Appendix T.1) and the Dam Safety
Emergency Response Plan (refer Appendix T.2) for the Kenya water storages. QGC commits to developing specific
procedures and Emergency Response Plans for the Northern WTP and associated water storages.
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49(i) and 52(c)(ix) – Performance measures, annual reporting to the Department, and
publication of reports on the internet
A concise overview of QGC's reporting requirements is presented in Section 16.0, showing specific commitments
to adequately address each approval condition. In short, QGC will report in four main streams:
• Ad hoc reporting for anomalies, emergencies, response activities etc.
• Annual reporting such as, but not limited to, well stimulation outlook, pond inspection reports, water
volumes and quality etc.
• Delivery of significant undertakings such as, but not limited to, the delivery of QGC's GEN3 model, output on
the trial groundwater injection program, the Groundwater Monitoring Plan and the Springs Monitoring Plan
• Update to the Stage 2 WMMP when the QCLNG Project transitions to its next stage of development.
An overview of performance measures which includes committed action items for various approval conditions is
presented in Table ES3.
Annual reports will be published on QGC's website at the same time they are provided to SEWPAC in October
each year.

52(a) An ongoing CSG water treatment program to ensure that any water to be
used for re-injection, or used for other groundwater repressurisation options is
treated at least equal to the water quality of the receiving groundwater system or
environment
QGC is implementing a three-stage re-injection program. The first stage includes construction of investigation
bore GW4, monitoring bore GW10 and trial injection bore MAR: Data acquisition and hydraulic testing and
monitoring of bore GW4 to obtain baseline information to assess aquifer injection potential. The focus is on the
Hutton and Precipice Sandstones.
A key deliverable of monitoring bore GW4 is coring and sampling of the Hutton and Precipice Sandstones to
enhance subsurface understanding of aquifer characteristics including water quality. The full program is outlined
in Figure 38.
QGC is constructing a 100 ML/d Water Treatment Plant capacity in the Northern Gas Fields that in principle will
have the capability to treat CSG water to the desired quality for re-injection. QGC's approach is summarised in
Section 11.0.
The regulatory framework must be developed and the potential future liabilities of re-injection satisfactorily
clarified before injection of any (treated) water into the Precipice or Hutton Sandstone can occur. QGC will
complete its first Injection Management Plan by February 2013.
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52(b) – The method, data and the evidentiary standards necessary to support
a conclusion that the aquifer from which CSG water is being extracted is not
hydraulically connected to other aquifers
The results from QGC's GEN2 and QWC's UWIR show minor impacts caused by minimal hydraulic connectivity
between the Springbok and Hutton Aquifers. Consequently it is unlikely that Condition 52(B) can be satisfied.
Accordingly, QGC does not propose to present data to support a conclusion that any aquifer is not hydraulically
connected to other aquifers or formations. QGC is however committed to a program of work to assess the
magnitude and extent of aquifer connectivity as this is fundamental to understanding the long term hydraulic
behaviour of the Walloon Coal Measures and adjacent formations post-gas field life.
QGC is implementing an extensive and iterative program to investigate aquifer connectivity (refer Figure ES9).
This program (Section 6.0) comprises:
• Installation of nested water monitoring bores and VWPs at three pilot production areas
• Execution of pumping tests
• Pilot production testing monitoring and analysis
• Hydrochemical analysis
• Geological mapping
• Ongoing regional groundwater monitoring
• Ongoing numerical modelling.
QGC’s focus will be to develop improved predictions of potential inter-formation leakage through its GEN3 model
development, connectivity studies, hydrochemical and groundwater level monitoring programs and interaction
with QWC.
QGC’s position in relation to potential connectivity of the Walloon Coal Measures with underlying and overlying
aquifers is described in Section 6.3 of the Stage 2 WMMP. “Gas and water extraction from the WCM is expected
to result in depressurisation of this heterogeneous unit and has the potential to induce vertical leakage from
overlying and underlying units. The GEN2 model predicted the leakage amount and rate to be small and effects
relatively localised”. This has been confirmed in QWC’s UWIR.
Water balance figures in the Executive Summary, Section 3.5 and Appendix C.1 show daily inter-formation
flows rounded to the nearest 0.1 ML/d, the smallest number of significance. Zero values have been adjusted to
<0.1 ML/d.
Existing and new groundwater level trends will be statistically evaluated (refer Appendix L) to determine
potential changes in aquifer groundwater levels with time.
The use of the GEN3 numerical dual phase modelling will estimate the magnitude of potential connectivity
(inter-formation groundwater flow). The extent of inter-formation hydraulic connection can be established only
when potential groundwater level drawdowns due to CSG water extraction in aquifers and aquitards can be more
reliably estimated and potential impacts to MNES and other users can be assessed.
It should be noted that the initial groundwater monitoring results show pre-CSG existence of hydraulic gradients
between formations.
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Figure ES9 – The connectivity knowledge cycle

52(c)(i), (ii) and (iii) – The aquifers to be monitored and the rationale for the selection,
the number and locations of the monitoring bores and the frequency of the
monitoring
QGC is implementing an extensive monitoring program including the construction of standpipe monitoring
bores (included nested series at specific locations) and Vibrating Wire Piezometers (VWPs):
• The GAB aquifers (Gubberamunda Sandstone, Hutton Sandstone, and Precipice Sandstone)
• The Springbok Formation
• The GAB aquitards (Westbourne Formation, Eurombah Formations and Evergreen Formation); and
• The WCM in the Surat Basin.
QGC has outlined the aquifers to be monitored (refer Section 5.5), the rationale for the number and locations of
the monitoring bores (refer Section 5.3) and the frequency of monitoring (refer Section 5.6).
The targeted formations and locations of the monitoring bores are presented in Figure ES5. The monitoring
frequency for water level and pressure is continuous where possible, and water sampling has a typical cycle of six
months (refer Section 7.11). Annual reporting of all groundwater level and quality data, including a trend analysis,
will commence from April 2013. Raw data will be provided in the annual reports.
A detailed overview of the existing and proposed monitoring network is presented in Figure 23. QGC is of the view
that statistically-based methods for the design of groundwater monitoring networks are of limited use because
there are many different factors which determine the location of monitoring bores (refer Section 5.3).
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QGC’s monitoring bore program may be expanded to include any additional bores needed to satisfy UWIR
requirements. These arrangements will be finalised with QWC once the UWIR is formally released. QGC commits
to incorporating any additional UWIR monitoring bore requirements into its program by the end of February 2013
(Commitment 2).

52(c)(iv) and (v) – Baseline data for each monitoring site for comparison of
monitoring results over the life of the project
QGC’s monitoring bore program is aimed at providing between 12 and 24 months of baseline data in various
aquifers and aquitards prior to field-scale production commencing in the Northern and Southern Gas Fields
which is planned for October 2014 and October 2013 respectively. In addition QGC is committed to expanding
its monitoring network in the operational Central Gas Fields and to have additional bores or Vibrating Wire
Piezometers in the Springbok, Hutton and Precipice Formations in place in early 2013. Note that depressurisation
in the Central Gas Fields commenced in 2005 with domestic gas production.
As part of connectivity studies, QGC is undertaking baseline monitoring at production trial sites at Woleebee
Creek in the northern gas fields and Kenya East and Ruby Jo in the Southern Gas Fields. The extent of baseline
monitoring at each site will vary but is up to twelve months for Springbok and/or Gubberamunda Formation
bores at Woleebee Creek and Kenya East. QGC also commit to monitoring its other production trials with multilevel VWPs in Springbok Formation and Walloons Coal Measures. An overview of expected baseline durations is
provided in Figure ES10.
The first task for QGC's extensive monitoring program is to define groundwater baselines for each aquifer in
various geographic areas.
QGC has started installation of deep aquifer monitoring bores, as part of its Stage 2 program that is expected to
be completed by December 2013.
Final baselines will be available 12 months after the last monitoring bore has been completed.
The data will be analysed in three steps:
• Data examination to exclude any data errors and anomalies
• Selection of a suitable analysis period, including identification of break-points to separately analyse current
and long-term trends
• Development of a regression model of groundwater level behaviour to isolate known quantifiable external
influences, such as rainfall, air pressure, aquifer loading and unloading, earth tides and regional groundwater
trends (Appendix L).
The final result will be baselines for groundwater levels, aquifer hydraulic data and groundwater quality
data, which will take into account local geology, current (pre-CSG) use of groundwater and maps of existing
groundwater trends.
QGC commits to provide a baseline definition for water quality in the Northern Gas Fields by April 2014. Then it
will analyse and share the regional data on an annual basis, presenting the material on the QGC website.
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52(c)(vi) – groundwater drawdown threshold values and groundwater quality
thresholds for each aquifer
Groundwater drawdown limits for the Surat Basin's primary source aquifers are described under Condition 49(a).
In collaboration with other CSG proponents, QGC has adopted a monitoring scheme with early warning and
trigger monitoring bores and threshold drawdown values and trigger drawdown limits (refer Section 12.6).
QGC has developed an aquifer exceedance response plan which incorporates three individual warning points:
• Early warning trigger value – set at 50% of the 95th percentile drawdown prediction that corresponds ≥ 0 m
impact at the EPBC listed spring
• Exceedance threshold value – set at 80% of the 95th percentile drawdown prediction that corresponds ≥ 0 m
impact at the EPBC listed spring
• Drawdown limit – set at 100% of the 95th percentile drawdown prediction that corresponds ≥ 0 m impact at
the EPBC listed spring.
QGC will install a robust monitoring network covering all relevant GAB aquifers and aquitards including early
warning monitoring installations (VWP) in the Walloon Coal Measures. QGC commits to ongoing calibration of
the GEN3 model using actual measurements and to provide input to the QWC for their subsequent UWIRs.
However, given the size and distribution of QGC's tenements, groundwater quality across the tenements and in
various formations is likely to be highly variable and sub-regional baseline datasets will need to be established
to develop groundwater quality thresholds. An approach has been developed (refer Section 12.9). QGC commits
to provide the threshold water quality change indicators by April 2013. The basis for the approach will be a 20%
change per annum in the identified long-term indicator parameter.
QGC commits to developing a preliminary hydrochemistry conceptual model of its Surat Basin tenements and its
Interim Groundwater Monitoring Plan in April 2013 (Commitments 10 and 13).
Once the QWC UWIR model results are finalised, QGC commits to estimating the time available to take remedial
action in cases where trigger drawdown values are exceeded. QGC commits to provide the trigger values for the
Early Warning Monitoring Bore based on the QWC model output.

52(c)(viii) – Mechanisms to monitor, avoid, minimise, manage and respond to risks
The Stage 2 WMMP comprehensively describes QGC's approach to monitor, avoid, minimise, manage and
respond to risks (refer Section 12.0).
The starting point is to develop baselines for groundwater level and quality (ongoing), groundwater movement
for subsidence monitoring, surface water quality baselines (completed), and to identify and recognise and
understand existing trends (ongoing).
The second step is to monitor performance and be able to identify any early time deviations and outlayers. QGC
has installed telemetry recording systems for VWPs to its Brisbane office and will include similar systems for
MNES monitoring bores and other selected monitoring bores and VWPs. These early observation trigger studies
and measurement verification processes could lead to response actions.
The final step is to have readily available tracking tools that are routinely used and regularly calibrated and
refined (e.g. GEN3 groundwater model) to ensure data integrity.
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52(d)(i) – an exceedance response plan that includes mechanisms to avoid, minimise
and manage risk of adverse impacts and response actions and timeframes that can
be taken by the proponent
QGC has developed response plans for potential situations where:
• Threshold Values for surface water quality and water environmental values are exceeded
• Threshold Values for aquifer drawdown in relation to EPBC listed springs are exceeded
• Threshold Values for aquifer drawdown in relation to groundwater-producing bores are exceeded
• Threshold Values for groundwater contamination are exceeded
• Subsidence or surface deformation occurs which affects surface or groundwater hydrology.
Each plan is built on a two-phase critical review process with reporting to SEWPAC at key times. These plans are
detailed in Section 12. This response approach will be incorporated into QGC's emergency procedures.
QGC commits to upgrading its response plans in light of its completed GEN3 model and the findings of the QWC
UWIR and report by April 2013 (Commitment 18).
If QGC identifies out-of-specification water, it will not be discharged. QGC’s water treatment plants and
associated infrastructure are designed to:
• Recirculate water
• Reduce output in emergency circumstances.
• Reduce and/or cease water production in extreme emergency circumstances. Similarly, out-of-specification
water will not be provided to SunWater under either the Chinchilla Beneficial Use Scheme or the Dawson
Valley Beneficial Use Scheme.
QGC has developed its site-based emergency management system. It has:
• Prepared a Dam Safety Emergency Response Plan (DSERP) detailing the response to potential emergency
incidents (refer Appendix T.2)
• Revised its Emergency Management Procedures to make these site-specific (refer Appendix T.1). These include
a procedure for unforeseen discharges. These documents will be lodged with DEHP and DNRM or their
successor agencies.
QGC commits to developing an Emergency Discharge Management Plan to manage the risk of unforeseen
discharges from ponds and pipelines.

52(d)(ii) – an exceedance response plan that includes a program and timetable for
repressurisation using re-injection of CSG water from hydraulically connected
aquifers back into appropriate permeable aquifers and for other groundwater
repressurisation options to re-establish pressure levels and water qualities to the
satisfaction of the Minister on the advice of an Expert Panel
QGC understands that this condition is designed to guard against impacts on MNES due to CSG depressurisation
of key aquifers, principally the Hutton and Precipice Sandstones.
Re-injection into Walloon Coal Seams has been assessed and is considered unviable for a number of reasons:
• Re-injection into coal seams could not occur until gas extraction had been completed in particular areas
• Depleted gas fields of sufficient area will not become available for many years, whereas peak CSG water
production occurs in the early years of gas field development.
• The heterogeneous nature of the WCM would require a large number of re-injection wells and associated
surface infrastructure if re-injection were to be viable

ES27

•
•

Given the extremely low permeability of rock around the coal seams, re-injection is likely to be effective only
locally if at all
Re-injection into Walloon Coal Seams would not have any material benefit as a mitigation strategy to protect
MNES for CSG depressurisation of key aquifers.

QGC's GEN2 modelling has shown that the non-cumulative maximum drawdown (95% confidence) for the
life of the project is 0.1 m for the Hutton and 0.15 m for the Precipice about 20 km from the boundary of QGC's
tenements.
These drawdowns are less than the drawdown limits at trigger monitoring bores (see Table 21).
The QWC as part of the development of the draft Underground Water Impact Report has prepared a Spring
Impact Management Strategy for MNES and water course springs. Details of the Spring Impact Management
Strategy are outlined in Appendix H of the UWIR. The QWC’s Cumulative Impact Model also assessed the
potential extent of source aquifer drawdown in the vicinity of EPBC listed springs. The modelled drawdowns were
used to identify potentially affected springs (Appendix H-2) and inform a risk assessment of each spring vent
(Appendix H-3).
The QWC has described (Appendix H-2) the identification of potentially affected springs as follows:
"...Under the Queensland regulatory framework, a spring is a potentially affected spring if it overlies an aquifer
where the long term predicted impact on water levels at the location of the spring resulting from the extraction
of water by petroleum tenure holders, exceeds 0.2 m. The QWC also included high value springs that are located
up to 10 km beyond that limit to allow for the uncertainties associated with modelling very small changes in
water level at the boundaries of impact areas..."
The risk assessment considered the likelihood of a reduction in flow of water at the spring and the consequences
on known spring values if a reduction in flow was to occur.
Key findings and actions arising from the Spring Impact Management Strategy in relation to QGC’s requirements
under Condition 52, 68 and 69 are:
• Based on the QWC modelling Scott’s Creek (QWC site number 189, 190, 191, 192, 192.1) and Dawson River 8
(QWC site number 38) are considered to be potentially affected spring vents (UWIR Table H-2)
• The Cockatoo Creek, Boggomoss and Dawson River 2 vents are not considered to be potentially affected
spring vents since they lie outside the area of potentially affected springs and consequently were not included
in Table H-2 of the UWIR
• The connected source aquifer for the Dawson River 8 spring and the Scott’s Creek spring complex is
considered to be the Hutton Sandstone (refer Figure ES2)
• QWC has designated that a spring monitoring program be established for the Dawson River 8 spring by QGC
• QWC has designated that a spring impact mitigation program be established for the Scott’s Creek spring
complex by APLNG.
The CSG proponents have adopted an industry approach to monitor EPBC springs and to install an Early Warning
Monitoring Bore network (Appendix V). This approach will eliminate duplication, minimise the impact footprint
and ensure a high uniform quality standard.
QGC is evaluating the technical and economic feasibility of repressurisation through:
• Trial injection and monitoring bore construction
• Modelling of groundwater repressurisation and impact assessment
• An injection trial.
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However, establishment of a permanent Precipice Sandstone injection bore will be subject to regulatory approval
and clarity on potential long-term liabilities.
At present, QGC believes that development of a long-term re-pressurisation program to protect MNES is not
necessary. QGC understands that SEWPAC’s intention for a possible future re-pressurisation program is solely to
protect the springs. Within this context QGC is able to commit to ensuring that adequate pressure is maintained
in those formations, close to the springs, which are source aquifers to the EPBC listed springs.

QGC – LNG Stage 2
WMMP
Contours of 5th Lowest Maximum Drawdown Values
from NSMC Analysis in Hutton Sandstone (Layer 15)
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Figure ES11 – Hutton Sandstone drawdown contours in vicinity of EPBC listed springs
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If, however, the early warning and trigger monitoring program shows effects of CSG depressurisation, then
a repressurisation program would be developed in addition to QWC monitoring or mitigation management
requirements that may be in place at the time. A repressurisation program would consider options such as:
• Establishing a permanent monitoring regime at critical springs (e.g. Scott's Creek)
• Establishing permanent injection infrastructure at Woleebee Creek
• Assessing the potential for water supply substitution.

Summary
This Stage 2 WMMP covers the first stage of major gas field development and QGC will prepare and submit the
Stage 3 WMMP in July 2013. The next stage of gas field development will be the export of LNG.
The Stage 2 WMMP focuses on Conditions 49 to 52. For completeness and to ensure clarity, reference is made to
related conditions, throughout the Stage 2 WMMP but these will be addressed separately.
QGC is implementing Stages 1 and 2 of the WMMP and has made significant progress over the past 18 months.
While various programs have reached a high level of maturity, the scale, scope and complexity of program
elements require time for completion.
QGC has defined a robust reporting approach with clear commitments, actions and milestones to demonstrate
progress:
• QGC's commitments and target completion dates are presented in Table ES3
• QGC's action plan is summarised in Schedule ES1
• QGC's produced water and treatment plant collection and distribution network is provided in Figure ES13
• QGC's groundwater balances for 2024 for the Northern, Central and Southern Gas Fields are provided in
Figures ES14 to ES16.

QGC's groundwater
management approach
protects EPBC springs.
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Stage 2 WMMP Commitments Table
#

SEWPAC
Condition

Commitments

This table provides target completion dates except for

Target completion date
which are firm deliverables for that month.

Groundwater and springs
1

52c i

Completion of Stage 2 Monitoring Bore and VWP conversion programs (as outlined
in this Plan)

December 2013

2

52c i

Incorporation of potential additional UWIR groundwater monitoring requirements
into Stage 2 Bore Construction Program

February 2013

3

52c i

Construction of additional UWIR monitoring bores (if deemed necessary)

In accordance
with UWIR timing
requirements. Either
December 2013 or
December 2016

4

52c iv

Completion of bore baseline assessments and data analysis

October 2013

5

52c v

Completion of first groundwater level trend analysis assessment including mean
drawdown weighting method for Hutton and Precipice Sandstones

April 2013

6

49b

Completion and reporting on GEN3 model build

April 2013

7

49b

Submission of aquifer connectivity studies progress report

April 2013

8

49b

Submission of Infrastructure Connectivity Report

October 2013

9

49b

Submission of consolidated Surat Basin Hydrogeological Model and recalibration
of GEN3 model. Commitment to ongoing model recalibration and reporting with
annual report. Reporting of connectivity studies.

October 2014

10

49b

Completion of preliminary hydrochemistry conceptual model. Justification of
water quality trend indicators

April 2013

11

49b

Completion of Isotope studies

April 2013 / April 2014

12

49b, 52d ii

Submission of integrated hydrochemistry report. Commitment to provide baseline
definition of groundwater quality in the Northern Gas Fields.

October 2014

13

52c

Completion of interim Groundwater Monitoring Plan. QGC will continue to
monitor the Walloon Coal Measures, Springbok and Gubberamunda Formations.
Monitoring of the Mooga Sandstone where appropriate.

April 2013

14

62f

Collation and reporting of groundwater monitoring results

April 2013 and
annually thereafter

15

52ci

Collection and analysis of six-monthly groundwater quality samples

Bi-annually

16

52ci

Implementation of the telemetry system for continuous groundwater level
monitoring

Bores brought online
progressively from
March 2013

17

52cvi

Confirmation of threshold drawdown values at early warning monitoring bores
and drawdown time series

April 2013 or when
available from QWC

18

52d III

Implementation of agreed collaborative industry approach to springs monitoring
and management. Derivation of trigger thresholds and finalisation of response
actions.

April 2013

19

68,69

Completion of preliminary Springs Monitoring Plan incorporating findings of
UWIR, Santos Regional Springs Survey and the collaborative industry proposed
EPBC Spring Monitoring Scheme

April 2013

20

69 b ii

Submission of report on Baseline Spring Program

April 2014

69 b

Completion of Springs Monitoring Plan incorporating input from connectivity
studies

October 2014

21
22

65,67

Completion of Ground Motion Monitoring and Management Plan

April 2013

23

65a

Completion of Baseline Data Review Report

April 2013

24

65b

Assessment of hydrological implications of ground motion

April 2014

Key
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#

SEWPAC
Condition

Commitments

Target completion date

25

66

Submission of ground motion progress reports. October 2013 report will include
ground motion modelling using the outputs of the QWC cumulative groundwater
model

October 2013 and
annually thereafter

26

66

Submission of ground motion assessment report

October 2015 and
thereafter at threeyearly intervals

Completion of first Injection Management Plan (Precipice Water)

February 2013

Re-injection
27
28
29

49c

30

Construction of investigation, monitoring and trial injection production bore

April 2013

Completion of second Injection Management Plan (Treated CSG Water)

June 2013

Completion of Feasibility Study Report

April 2014

Finalisation of groundwater drawdown response plan

April 2013

Response plans
31

49c and d,

32

52di I and

Confirmation of early warning and threshold monitoring bore construction

October 2014

33

II; 52d ii

Finalisation of groundwater quality response plan

April 2014

52c viii,

Development of environmental risk management and response plan and an
upgrade of exceedance response plans

April 2013

34
35
36

52d i III
52d iv
49h,
52d i IV

Completion of upgraded emergency response plans to cover all regulated water
and waste storage facilities
Develop Emergency Discharge Management Plan

October 2013
July 2013

Hydraulic stimulation
37

49e

Annual update of bores to be stimulated

October 2013 and
annually thereafter

38

Submission of reports to Queensland regulatory agencies

As required

39

Ecotoxicity Work Program Development

April 2013

40

Toxicity and Ecotoxicity Profiles for new chemicals.
Completion of total toxicity and ecotoxicity testing.
Ecotoxicity testing to be carried out in accordance with the 2000 NWQMS
Australian and New Zealand Guidelines for Fresh and Marine Water Quality.

December 2013

Collection of representative samples of flowback water immediately poststimulation and analysis

Ongoing

49f

41

CSG water management
42

49g vii,
52a and
60a

Affirmation that treatment plants are operational and producing water quality
suitable for discharge to the Kenya to Chinchilla Pipeline and Woleebee Creek to
Glebe Weir Pipeline in line with SunWater’s respective BUA’s

October 2014

43

Affirmation that Central Gas Fields beneficial re-use scheme is operational

April 2013

44

Confirmation of Northern Gas Fields beneficial re-use scheme approval

April 2013

45
46

49g i to ix

47

Affirmation that Northern Gas Fields beneficial re-use scheme is operational

October 2014

Provision of Northern Gas Fields interim baseline data analysis report

October 2014

Completion of Northern Treatment Plant and Northern Gas Fields Emergency
Response Procedure and Dam Safety Emergency Response Plan

October 2014

Brine management
48
49

49 x

Confirmation that salt regulated waste facility is approved

October 2014

Construction of the first regulated waste facility cell

October 2015

Reporting
50

49i

Submission of Annual Report including (from October 2013) reporting results of
ongoing GEN3 model recalibration

October 2013 and
annually thereafter

51

59

Submission of Stage 3 WMMP

July 2013

Table ES3 – QGC commitments for Stage 2 WMMP

Key

ES34

QGC's action plan
The following timetable provides an outline of QGC's plan of commited actions for the duration of the
Stage 2 WMMP to April 2015. It incorporates the 51 activities outlined in Table ES3.
2012
SEWPAC Condition
49b, 49i, 62f

Commitments
Complete and report on GEN3
model build; annual update

Commitment #

Target completion date

6

April 2013 and thereafter
October annually

7, 8, 9, 10, 11, 12

April 2013, October 2014

49b

Aquifer connectivity and
hydrochemistry studies

49c

Re-injection Feasibility study
report

28, 29, 30, 31

October 2014

49a, c and d, 49h i, 52d i I and II,
52 d ii

Response plans and early
warning and threshold
monitoring bore construction

5, 18, 19, 32, 33,
34, 35, 36

October 2014

49e

Hydraulic stimulation
reporting
Central Gas Fields beneficial
re-use scheme operational

37, 38, 39, 40

43

Annually Ongoing

April 2013

49g i to ix,49g xi and xii, 49h ii
Northern Gas Fields beneficial
re-use scheme operational
49f

49h ii, 52d i IV

Ecotoxicity work program
development
Emergency Discharge
Management Plan

44, 45, 46, 47, 48

October 2014

39

April 2013

36

July 2013

49x

Salt regulated waste facility
approved and first cell
constructed

52a

Water treatment plants
operational

41

October 2014

52c

Complete bore baseline
assessments, data and
trend analysis

4

April 2014

52c

Groundwater monitoring

13, 14, 15, 16, 17

Ongoing

52c

Interim baseline data and
trend analysis

5

April 2013

52d iii I, 65a

Ground motion monitoring
program

49, 50

23, 24, 25, 26, 27

Completion of Stage 2
Monitoring Bores
52c (iv)

Baseline Data

Springs Monitoring Plan

October 2015

December 2013
1, 2, 3

October 2013
December 2013 or 2016

UWIR bores
68, 69

October 2014, October 2015

21, 22

April 2014

59

Stage 3 WMMP

52

July 2013

49i

Annual Report

51

Annually from October 2013

Denotes key dates for delivery of data, reports and plans specified in Table ES3
Schedule ES1 – Summary of QGC commitments for Stage 2 WMMP

5

6

7

8

9

10

11

12
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2013
1

2

3

4

5

6

7

2014
8

9

10

11

12

1

2

3

4

5

6

7

2015
8

9

10

11

12

1

2

3

4

5

6

7

8

9

10

11

12
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Produced water and treatment collection
and distribution networks:
Northern, Central and Southern Gas Fields

GLEBE WEIR

SunWater
Planned

Industrial Re-use

LAWTON
PARADISE DOWNS
LAWTON
200 ML

ALEX

Compliance
re-injection
TREATED
WATER
300 ML

CARLA
PEEBS
POLARIS, Acrux S

POLARIS
583 ML

CAM
WOLEEBEE CREEK
ROSS
KATHLEEN

WOLEEBEE
CREEK
623 ML

NORTHERN WTP
100 ML/d

BRINE
CONCENTRATOR

MAMDAL

NWTP 3
600 ML

Pump
Existing ponds
Under construction or to be built
Development blocks

Figure ES13 – Produced water and treatment collection and distribution networks: Northern, Central and Southern Gas Fields

NWTP 4
1,200 ML

CONCENTRATED BRINE

ES37

Note: Beneficial use
from non-QCLNG
CSG production only

MCNULTY
200 ML
MINING SECTOR
Re-use

POND 4
4,370 ML

KENYA
2,001 ML

KENYA
TREATED WATER
170 ML
WINDIBRI
WTP
6 ML/d

MATILDA – JOHN

RHYNIE
3,719 ML

SunWater

LAUREN
LAUREN
104 ML

KENYA EAST
KENYA EAST
597 ML

KENYA WTP
92 ML/d

KENYA

Kate
ORANA 1
5,158 ML

BRINE
CONCENTRATOR

ARGYLE

CODIE

RO Reject

ORANA 3
1,040 ML

BERWYNDALE
BERWYN S / WINDIBRI

CHINCHILLA WEIR

ORANA 2
1,280 ML

AVON DOWNS
BELLEVUE

GLEN EDEN
115 ML

Industrial Re-use

RWF

MCNULTY

JAMMAT / OWEN
MARGARET

ORANA 5
2,130 ML
DAVID
334 ML

DAVID
SEAN
JORDAN
WILL / RIDGEWOOD S

ORANA 4
752 ML

CELESTE
310 ML

MICHELLE
WILL / RIDGEWOOD N
CELESTE
MYRTLE

MYRTLE
150 ML

TEVIOT
ABERDEEN
MARIE RAE
JEN
ISABELLA

RUBY-JO
760 ML

Ruby-Jo
POPPY
BARNEY
CLUNIE
COUGALS

GLENDOWER
481 ML

BROADWATER
370 ML

GLENDOWER

BROADWATER
HARRY
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Groundwater balance for
Northern Gas Fields
December 2024

1.7 ML/d

1.1 ML/d

Gubberamunda and overlying
formations
Storage change = 0.0 ML/d
0.5 ML/d

1.8 ML/d

0.8 ML/d

0.1 ML/d

Springbok Formation
Storage change = 0.0 ML/d
3.3 ML/d

0.1 ML/d

1.0 ML/d

4.4 ML/d

<0.1 ML/d

12.3 ML/d
0.1 ML/d

Walloon Coal Measures
Storage change = 8.8 ML/d
3.4 ML/d

<0.1 ML/d

LEGEND

Aquifer recharge

Hutton Formation
Storage change = 0.0 ML/d

<0.1 ML/d

<0.1 ML/d

0.1 ML/d

Upward / Downward flow
0.6 ML/d
<0.1 ML/d

<0.1 ML/d

0.5 ML/d
Aquifer discharge

<0.1 ML/d

Aquifer throughflow

Precipice Formation
Storage change = 0.0 ML/d

CSG water pumping
1.3 ML/d

1.3 ML/d

Note: Water balance excludes non-CSG usage
Model layer

Formation

1

Rolling Downs Group (Griman, Surat, Coreena/Doncaster)

2

Bungil Formation (Bungil / Mooga)

3

Orallo Formation

4

Gubberamunda Sandstone

5

Westbourne Formation

6

Springbok Sandstone

7

Confining layer of Juandah

8

Juandah Coal

9

Confining layer of Juandah

10

Tangalooma Sandstone

11

Confining layer of Taroom

12

Taroom Coal

13

Confining layer of Taroom

14

Eurombah Formation

15

Hutton / Marburg Sandstone

16

Evergreen Formation

17

Precipice Sandstone

Note: Additional water balance figures are located in Appendix C.1

Figure ES14 – Groundwater balance for Northern Gas Fields 2024

All flows rounded to the nearest 0.1 ML/d
Group name

Gubberamunda Formation
and overlying units

Springbok Formation

Walloon Coal Measures
Formation

Hutton Formation
Precipice Formation
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Groundwater balance for
Central Gas Fields
December 2024

8.8 ML/d

4.5 ML/d

Gubberamunda and overlying
formations
Storage change = 0.0 ML/d
1.0 ML/d

0.6 ML/d

0.2 ML/d

0.5 ML/d

Springbok Formation
Storage change = 0.0 ML/d
1.8 ML/d

0.3 ML/d

4.8 ML/d

2.7 ML/d

<0.1 ML/d

11.5 ML/d
0.3 ML/d

Walloon Coal Measures
Storage change = 6.7 ML/d
4.0 ML/d

<0.1 ML/d

LEGEND

Aquifer recharge

Hutton Formation
Storage change = 0.5 ML/d

<0.1 ML/d

<0.1 ML/d

0.8 ML/d

Upward / Downward flow
0.7 ML/d
<0.1 ML/d

<0.1 ML/d

0.5 ML/d
Aquifer discharge

0.1 ML/d

Aquifer throughflow

Precipice Formation
Storage change = 0.1 ML/d

CSG water pumping
1.5 ML/d

1.5 ML/d

Note: Water balance excludes non-CSG usage
Model layer

Formation

1

Rolling Downs Group (Griman, Surat, Coreena/Doncaster)

2

Bungil Formation (Bungil / Mooga)

3

Orallo Formation

4

Gubberamunda Sandstone

5

Westbourne Formation

6

Springbok Sandstone

7

Confining layer of Juandah

8

Juandah Coal

9

Confining layer of Juandah

10

Tangalooma Sandstone

11

Confining layer of Taroom

12

Taroom Coal

13

Confining layer of Taroom

14

Eurombah Formation

15

Hutton / Marburg Sandstone

16

Evergreen Formation

17

Precipice Sandstone

Note: Additional water balance figures are located in Appendix C.1

Figure ES15 – Groundwater balance for Central Gas Fields 2024

All flows rounded to the nearest 0.1 ML/d
Group name

Gubberamunda Formation
and overlying units

Springbok Formation

Walloon Coal Measures
Formation

Hutton Formation
Precipice Formation

ES40

Groundwater balance for
Southern Gas Fields
December 2024

7.4 ML/d

2.7 ML/d

Gubberamunda and overlying
formations
Storage change = 0.0 ML/d
1.1 ML/d

1.5 ML/d

1.3 ML/d

1.0 ML/d

Springbok Formation
Storage change = 0.0 ML/d
2.2 ML/d

<0.1 ML/d

4.8 ML/d

3.1 ML/d

0.3 ML/d

27.9 ML/d
<0.1 ML/d

Walloon Coal Measures
Storage change = 24 ML/d
3.0 ML/d

<0.1 ML/d

LEGEND

Aquifer recharge

Hutton Formation
Storage change = 0.5 ML/d

<0.1 ML/d

<0.1 ML/d

0.6 ML/d

Upward / Downward flow
0.9 ML/d
<0.1 ML/d

<0.1 ML/d

0.4 ML/d
Aquifer discharge

0.4 ML/d

Aquifer throughflow

Precipice Formation
Storage change = 0.2 ML/d

CSG water pumping
3.7 ML/d

4.3 ML/d

Note: Water balance excludes non-CSG usage
Model layer

Formation

1

Rolling Downs Group (Griman, Surat, Coreena/Doncaster)

2

Bungil Formation (Bungil / Mooga)

3

Orallo Formation

4

Gubberamunda Sandstone

5

Westbourne Formation

6

Springbok Sandstone

7

Confining layer of Juandah

8

Juandah Coal

9

Confining layer of Juandah

10

Tangalooma Sandstone

11

Confining layer of Taroom

12

Taroom Coal

13

Confining layer of Taroom

14

Eurombah Formation

15

Hutton / Marburg Sandstone

16

Evergreen Formation

17

Precipice Sandstone

Note: Additional water balance figures are located in Appendix C.1

Figure ES16 – Groundwater balance for Southern Gas Fields 2024

All flows rounded to the nearest 0.1 ML/d
Group name

Gubberamunda Formation
and overlying units

Springbok Formation

Walloon Coal Measures
Formation

Hutton Formation
Precipice Formation

